A simple model for synapse, a modification of Lillie's nerve model, was described in one of the previous papers (1). It could show, by a very simple mechanism, two of the important central phenomena clearly, that is, the irreciprocal transmission and the so-called synaptic delay accompanying it. There are, however, many other facts known to take place at the synapse, among which facilitation and inhibition are the most important.
1. The interaction between neighbouring cores. It has been reported repeatedly (2, 3, 4, 5) that there occur conspicuous interactions of various types between adjacent cores lying in parallel in a common bath. The phenomena so far examined were solely with excitatory effects, but it was surmised that inhibitory effect would also be examined, if only the models, properly constructed, are so arranged that an intense cathodic (activitydepressing in the model) area would be created somewhere in one model by the activation of its neighbour.
Whether a similar interaction would occur in the nervous system as in the model, is of course an open question, because in the model, the internal resistance being practically zero, the interaction will be much more favourable than in the nerve where the internal resistance is enormously large. But the ratio of internal to external resistance of nerve fibres was found to be about 3 (6), more recently about 1.6 (7) . From our own experiences (8) , it can be estimated to be also about 3. Assuming it to be 3, about one-fourth of the action current of a fibre should still penetrate the adjacent fiber, provided that there are just two fibres existing.
The matter will be almost the same in a group of fibres, if a number of them are excited simultaneously.
On the other hand, the safety factor of myelinated nerve fibres is said to be nearly 10 (9). It seems, therefore, to be reasonable even to expect an excitation of a fibre as the result of an excitation of a neighbouring fibre, provided that there is no particular hindrance between them. Even if not excited, at least some effects on the excitability and allied phenomenon will certainly be produced.
In fact , the interaction phenomena , between nerve fibres or ganglion cells have been repeatedly discussed or confirmed by many intestigators in recent years , as referred to in a previous paper (2).
2. A larger. "synaptic" transmissibility due to multiple cores acting together. The essential of the construction of the synapse model described previously Three types of simple synapse model (schematic), the function being the same. P means "paraffin" and represents the cell-membrane of a high electric resistance.
(1), lies in the asymmetry in the number of cores on two sides of the paraffined part , the "cell-body" ( fig.1 ). By this simple device, the transmission can be made irreciprocal, that is, from the side of multiple to that of single core only. If the length of the paraffined part is kept constant, the right-to-left transmission (refer to fig.1 ) becomes easier, the more numerous the component of the multiple core. This was confirmed definitely (1) , but as this is one of the most fundamental factors which plays an essential role in the present work, the examinations were repeated again, the results of which are illustrated in fig. 2 , together with those obtained previously. If care is taken to make the interaction stronger (for example, to keep the cores quite near, to limit the fluid quantity extremely, etc.), then very probably the shortening effect would have appeared much clearer, although not of a great practical significance.
One point to be regreted in this and all subsequent measurements is that the time interval between the conditioning and test stimuli was fixed at 5 sec., so that the temporal course could not be explored. How the effect would have appeared if tested at shorter or longer intervals, is therefore unknown, but certainly it will begin with maximum at zero interval to diminish slowly with longer intervals (10) .
Inhibiton. An activation wave sweeping along one core in an ordinary way acts on an adjacent neighbour only facilitatorily, as mentioned adove. Hence, the possibility of inhibition, if any, is expected to be only at those regions where the state is intensely cathodic.
To examine this, several combinations of models under several relative positions, as illustrated in fig.4 and fig.5 , were tried. In fig.4 , two simplified models were employed for preliminary tests. The corell was first stimulated, and immediately after, the core, in order to examine whether the minimun immersion time necessary for transmission over P1 was prolonged or not. The paraffined part, P11, of the model11 was made sufficiently long, so that the "post-cellular" part would not get activated, but, at the same time, it was made as short as possible in order to make the activation current and, consequently, its cathodic effect on the model), as strong as possible. The models   FACILITATION   AND INHIBITION  199 were of course laid as near as possible to each other; the length of the "postcellular" part of the model11 was varied from a few mm. to a few cm.; the quantity of the fluid was made fairly small; a separating wall was placed, for trial, between the models, except the part where the interaction was taking place, to eliminate possible disturbing effects which might occur. However, there was no sign of inhibition at all. Fig. 5 is the same. as fig.4 , the only difference being that two complete synaptic models were used instead of simplified ones.
The object of the replacement was to multiply the intensity of the action current flowing overa P11 and, consequently, that of the cathodic effect on the model1. The results were, however, all negative in these cases, too.
Finally, we arranged the cmponents (ten in all) of the multi-cored part of the model11 on a cylindrical surface of a radius of abbut 3mm., and the model1, being replaced by a simplified one, was laid along the central axis of the cylinder so that it was surrounded by the component cores. In such a situation the model1 will receive much stronger effects from the model11 than when the component cores are arranged horizontally.
We placed a separating wall between the two models except the part at and near the multiple core. We bent, finally, the single core of the modelll at right angles at the junction with the multiple core and placed the whole in a T-shaped bath ( fig.6 ), and the observations were made under various relative positions of the two models, two of which are illustrated schematically in fig.6 . To our disappointment, there was no indication of inhibition in either of these cases examined. Why the inhibition did not take place in contrast to the easy facilitation, is not clear, but presumably it is due to the state that the core is in a sufficiently passive state, that is, that it is in a state of high cathodic polarisation (the cathodic, that is, out-going current makes the wire passive), and therefore it is relatively insensitive to a cathodic current, which acts to increase the polarization. At any rate, we have to conclude that, as far as "synaptic" transmission is concerned, no inhibition can be produced by interaction between two separate models, much less, perhaps, in the nervous system where the interaction will generally be of less magnitude.
2. Facilitation and inhibition depending on the number of active elements.
(Observations on a new synapse model.) As stated above ( fig.1, 2 and texts) , the "synaptic" transmissibility as measured by the necessary minimum immersion time, depends on the number of branch-cores in the pre-"P" region, which corresponds to the pre-cellular region Table  2 the necessary minimum immersion time conspicuously longer, that is, a marked inhibition is produced. The table also shows, at the same time, that a larger number of active Ds makes the immersion time in question distinctly shorter , which is due to facilitation.
It is thus clear that generally the number of active Ds can be a simple but sure agent for producing facilitation and inhibition. The only problem lies in the structure or mechanism, which enables us to alter the number of active Ds at will. This will be discussed later.
Finer re-examinations on a simpler model. To ascertain the effects of added or decreased Ds more precisely, the following simpler model was constructed ( fig.8) . At about the middle of corer, a side core was attached by soldering . This was drawn out into the air to a variable resistance R . The corell was bent at right angles at a point and also drawn out into the air to be connected to R . The two cores were set, about 3mm. apart , in such a relative position as illus-. trated in fig.8 , where P is the paraffined part (2 .5cm. long), and W a wall separating the cores except a certain part near P . Now, if R is small (say zero), then the activation wave evoked in core1 by the stimulus S1 activates on its way to P the core11 which acts together with core1 upon N2. The minimum immersion time necessary for tranqrniqcirm in Table  3 ing this R should neither be too small nor too large, because if it is small , core1 will be brought into co-activation, while if it is large , the facilitatory effect will be insignificant.
We tried, therefore, several values of . R. In table 4, the data obtained in some extreme cases are given for examples .
We see, in table 4, that practically no summating (facilitatory) effect is Table  4 being exerted by corell. We have to consider here, however, that the interval between the stimuli Su and Sz was fixed at 5 sec. (to make it shorter was not impossible but was inexact), which might have been too large for any definite summation to take place. The data given in table 4, therefore, perhaps showing a prompt decay of the effect of corell upon core1, but not simply indicating the insignificancy of an antecedent activation of core11.
3. Another possibility for facilitation and inhibition Hitherto we have treated facilitation and inhibition as events occurring in the "pre-cellular " region. Can they not take place in the "post-cellular" region? We will consider and examine this according to the arrangement illustrated in fig.8 , in which the left side of P is supposed to be the "pre-cellular" (hence multi-cored) region and the right side the "post-cellular" region provided with two cores respectively.
Facilitation. Suppose in fig.8 that the wave in N2 and that in coren arrive at both sides of P simultaneously. Then the activation current from N2, which usually would flow into cores I and II to activate them, will not flow into core11 because of the equipotentiality. Hence, the situation turns out to be a case of one-to-one transmission instead of one-to-two. In addition, excitatory influences will come to core1 from core11 just activated. There is here a great possibility for facilitation to occur. In fact, however, it will be very rare to have two waves arriving simultaneonsly, and it is also almost impossible to realize this experimentally, even in the model. So this was not pursued further.
Inhibition. What will happen, then, if the wave in core11 reaches P just before that of N2? Suppose that R was made sufficiently small, and a stimulus S11 was applied on core11. The wave will come and exhibit a certain anodic (exciting) effect at some length of both IV, and N2 adjacent to P. If, at this moment, a wave of N2 just arrives at 13, it will pass P more easily than usual, because both pre-and post-cellular regions are more excitable. We shall thus perhaps have a facilitation, though of a smaller magnitude, in this case, too.
Strange to mention, the result turned out to be contrary to this expectation, that is, there was no sign of shortening, but, instead, a very marked prolongation of the necessary minimum immersion time. In other words, there appeared a conspicuous, almost complete, inhibition instead of the facilitation expected (see table 5 ). Table 5 shows clearly that the magnitude of R is indifferent to the phe-KAZUMI YAMAGIWA applies S11 and Si (instead of S'1) successively and examine the transmission from right to left (refer to fig.8 )?
This will be just a re-examination on the summation effect of two successive activations (see table  4 ). However we did it again from a new aspect, and naturally obtained results almost similar to those mentioned before, that is, there was practically no difference between the case of Si only and that of S11 and S1
combined. ' An example is given in table 6, which will need no explanation.
Why, does the marked inhibition observed in the left-to-right transmission not take place in the rgiht-to-left transmission, in spite of similar conditions existing in both cases ? An answer was not availabe. Table  6 DISCUSSIONS AND A NEW HYPOTHESIS
1. Based on all the experiments described above, we will propose a simple but probable theory of facilitation and inhibition.
The principal (not the whole, as will be discussed below) idea lies in temporary increase (facilitation) and decrease (inhibition) of the number of "pre-cellular" active elements whioh cooperate in realizing the transmission. The mechanism, or the construction, which fits this purpose, can be very simple as illustrated schematically in fig. 9 . The cell-body (G in fig.9 , a) has its axon (N2) on one side and a number of dendrites (D) on the other, which are connected synaptically to the terminal arborizations of the incoming axon (A1). The facilitatory (F) and inhibitory (I) fibres have their synaptic knobs on G and on some Ds repectively.
Each synaptic knob is supposed to be constructed after the same principle as that of the construction of G, that is, after the principle of asymmetric distribution of active elements on both its sides, as illustrated schematically and simplified in fig.9 , b. There governs, therefore, the law of irreciprocal transmission at each synaptic knob and at G as well. There are, in the figure, two Fs and two Is as representatives, but of course there can be more in number, and they can be separate fibres or branchings of a single fibre.
The fundamental assumptions underlying the whole are 1) that the cell-body as well as the synaptic knobs are each covered by a membrane of a high electrical resistance so that the transmission is usually accomplished electrosaltatorily as is supposed to be the case in medulated nerve fibres, and 2) that there is at a point or points a protoplasmic continuity in each synaptic knob. By these two assumptions combined with the asymmetric distritbution of active elements, is readily established the irreciprocal transmission. Now, let us see how our hypothesis works. Suppose an impulse comes along A1 towards G. It will spread over all Ds and jump over G to A2 in normal cases.
If now the impulses in Fs arrive at G simultaneously with or prior to that of Al, they will aid mutually, which will result in making the transmission easier (facilitation).
The origin of Fs may be, for example, the afferent fibres from the same or different heads of one and the same muscle, or the fibres from synergic muscles.
The effect will appear as a shortening of the transmission time, as a shortening of the least interval between two successive implulses to be transmitted, or also as an increased response of the post-cellular region as the result of excitation of some otherwise inexcitable axons . If, on the contrary, the impulses in IS arrive just before that of A1 , then some of the Ds (two in the figure) will be in the refractory state when the impulse in Al arrives, which will result in blocking the transmission (inhibition) . The origin of 1-fibres can be, for example, the afferent fibres from antagonistic muscles . The actual effect will be of various appearances as in the case of facilitation . Now, there have been explored in recent years a few very note-worthy phenomena as to facilitation and inhibition. We will discuss them in the light of our hypothesis.
1) The temporal course of facilitation and inhibition. According to Lloyd (11), the facilitatory action appears at a maximum at zero intervals between arrivals of conditioning and testing impulses , and then declines exponentially with longer intervals, while the inhibitory effect passes a maximum at a certain short interval to decrease later, also exponentially.
A particular point to be noted here is that the inhibition begins to appear, although slightly, at an extremaly short interval, in other words, that there is practically no delay in the appearance of inhibition. This is a fact revealed in the case of direct inhibition and clearly indicates that the inhibition is due to some direct action on the moto-neurone, and not due to any internuncial activity . Now the characteristic temporal courses above mentioned are in full conformity with our hypothesis. The facilitation, being here a summation effect due to activations of two groups of fibres, Fs and Ds , should naturally be strongest at zero intervals of arrival, a full summation occurring in this case . The effect of F,, however, will decline with time if left alone , hence somewhat weakened facilitations appear at longer intervals . As to inhibition, it is clear that it is zero at a strict zero interval between the arrivals of A,-and I-waves , for,i n this case, all Ds will get activated simultaneously , and this turns out to be the case when all Ds are activated by Al only in an ordinary way , without being disturbed by Is. It is also clear that the inhibition will be again zero ,if the interval under consideration is so long that the I-fibres are completly recovered from the previous activation. At all intermediate intervals , however,i nhibitions of various grades are expected to take place according to the excitatory state of the I-fibres, that is, whether they are refractory or more or less recovered. (Hereby it should be noticed that the activation of Ds evoked by Is can neither activate A, because of the insufficient number of active Ds, nor spread to A, because of the irreciprocal transmissibility at Sy (A.D) . Nor will it activate other denprites either, because the dendrites are very fine and accordingly highly resistive, so that the action current flowing between , an excited and a resting dendrites through the cell-body will be very weak, partitularly if a part of the dendrite is covered, together with the cell-surface , by an electroresistant membrane, as illustrated in fig. 7, b or fig. 9 , a. The activation can thus be localized in those Ds activated by I-fibres.)
Of course the end-result can only be "block" or "passage," if the examination is made on a single neurone , and as long as the post-cellular axon (A,) is of an all-or-none character , but if examined on a group of neurones, as they are usually done , then the inhibition due to the retardation of recovery at the termination of the axon. The striking facilitatory effect of an L7DR volley interpolated during a series of ventral root volleys will be a case belonging to the category of the second finding. 4) Facilitation and inhibition by antidromic impulse. According again to Renshaw (17) , the ant.idoromic volleys do condition the orthodromic discharges of adjacent moto-neurones. Thereby, inhibition typically occurs if the tested and conditioning nerves are branches to the same muscle or muscle groups. A particularly significant feature is the early onset, that is, the inhibition is present even at simultaneous arrival at the ventral horn of the two volleys. Besides inhibition, facilitation also occurs when the two neves are those to different muscles or muscle groups, and that sometimes mutually and sometimes just from one to the other, according to the nerves chosen. Such a variety of results was found when the two group of motoneurones occupy the same axial position but different parts of the cross-section of the ventral horn, and Renshaw considers that the variety must depond upon the unknown details of the anatomical substratum in the ventral horn. At the same time, the existence of the recurrent collaterals of Cajal is also being considered, although purely speculatively.
The present hypothesis by itself cannot be placed in any relation to those facts as described above. We recall here, however, the curious inhibitory phenomenon encounterd during the course of this work (refer to p. 203 and fig.8 ). What will happen, then, if a ganglion cell is provided with a collateral originating at the axon-hillock from the cell-body Itself and terminating in association with the axon of another neurone via a synapse, which allows transmission in the celluli-petal direction only ( fig.10)? The existence of such collaterals was described by Cajal long before, and their function as inhibitor was suggested by Gesell (18) . The basis of the curious inhibitory phenomenon in the model was not made clear, but, whatever it may be, a similar phenomenon will probably take place in the nerve, if once the collateral is excited, because the membrane resistance of an excited nerve is known to be greatly reduced (Cole and Curtis (19) ), hence the action current due to the activation of the pre-cellular region will now in large part flow into the collateral and not into the axon, which will result in non-excitation of the axon, that is, inhibition.
The collateral will be excited normally by a normodromic impulse, but it can be excited also by an antidromic impulse in an adjacent axon in connection with it (because the synapse involved is assumed to allow the celluli-petal transmission), which, in turn, will block the orthodromic transmission. This is nothing but the fact discovered by Renshaw. We can see, further, that the matter will appear differently according to the ralative spatial relation of the neurones, as, for example, illustrated in fig.10 , a, b, c. Suppose that the conditioning antidromic impulse reaches G2 slightly before the testing impulse reaches G1, then inhibition will occur in the cases of fig.10 a and b (and that mutually in the former case), whereas facilitation will possibly occur in the case of fig.10 , c, because by the moment that the testing impulse arrives at the collateral of G1 will not have been excited, hence only the facilitatory effect induced on N1 by the previous activation of N2 (see fig.3 and table 1) will manifest itself. Incidentally, if the synapse involved is situated very close to the axon, then it will appear as if it were a synaptic knob applied to the axon.
Such explanations are quite speculative and that neither exact nor complete, but still it seems promising to assume such collaterals of inhibitory nature for explaining the observed facts. If it is adopted, however, a new question immediately arises as to the normal function of such collaterals.
No serious problem. occurs as long as the afferent impulses in N1 and N2 enter into the center simultaneously or very silightly one after the other, because then the collaterals will be excited after the impulses have passed down. But if one of them comes in later, it is blocked by the collateral which would have been excited via a neighbouring axon excited just previously.
What is the significance of this blocking?
We expect that it can be a mechanism specially designed for fine adjustment of movements, because, owing to this mechanism, the transmission can take place only in those neurones which are excited practically simultaneously, and not in others coming into activity later on. Blocking or filtering out the redundant influences in this way, the effective impulses pass along practically synchronously in a limited number of neurones, which will be very important for realizing a certain definite magnitude of movement.
The hypotheses of Eccles and Gesell.
Eccles published in 1947 a hypothesis of central facilitation and inhibition (13), which is now widely known as the principal one existing on the problem under examination. Particularly important is his hypothesis of inhibition (the Golgi-cell hypothesis) in the sense that it is the first attempt to make clear the mechanism itself concretely.
As was mentioned already, it is based on the anelectrotonus to be produced under the synaptic knobs applied to the motoneurone soma by the short -axons of Golgi. cells.
It is really wonderful that the hypothesis explains the observed facts so very well. However, there are points which we cannot readily agree with.
1) The characteristic temporal courses of facilitation and inhibition revealed by Lloyd (perhaps the most important thing to be considered in any formulation of the theory), are explainable also from other hypothesis (for example, from ours).
2) The, positivie cord potential in association with inhibition can be of other anelectrotonic regions than those postulated by Eccles (see p. 207).
3) It is to be wondered, if the inhibition really occurs owing to the depressed excitability of so minute areas as those under the synaptic knobs, which are surrounded by much broader areas of hyperexcitability. 4) Facilitation is predicted to follow the inhibition if the Golgi-cell axon is activated by an intense inhibitory volley. The hypothesis implies, therefore, that a strong. stimulus applied to the inhibitor should always result in faclitaition. Is it true? 5) Finally, our model experiments described on p. 198-199 (see figs.5 and 6) will serve as tests, though not thoroughly, of his hypothesis.
The results were, however, contrary to it, as far as it was examined.
We have little to say about Gesell's electrotonic gradient theory, because, having been unable to get his new papers, we do not know the details of it (we miss particularly the paper published in 1947, which seems to be the most important), but as far as we have learned (20) , the postulated resting current is neither clear in its origin nor demonstrated for unexcited neurones. Further, as Eccles pointed out (16), the synaptic knobs applied to the axon-hillock should, when activated, be effective in evoking the discharge of impulses therefrom, but not in inhibiting it as postulated.
However, his concept that the matter is not a simple transmission of impulses but a neuro-cellular generation, is to be appreciated in the sense that the ingoing afferent impulses are variously controlled or modified there in the centre. His postulation of. inhibitory collaterals connecting two neurones, seems, though not in his original form, to be probable from the experiences in the present model experiments. 
